Magnetic control of protein spatial patterning to direct microtubule self-assembly.
Living systems offer attractive strategies to generate nanoscale structures because of their innate functional properties such as the dynamic assembly of ordered nanometer fibers, the generation of mechanical forces, or the directional transport mediated by molecular motors. The design of hybrid systems, capable of interfacing artificial building blocks with biomolecules, may be a key step toward the rational design of nanoscale devices and materials. Here, we have designed a bottom-up approach to organize cytoskeletal elements in space using the self-assembly properties of magnetic nanoparticles conjugated to signaling proteins involved in microtubule nucleation. We show that magnetic nanoparticles conjugated to signaling proteins involved in microtubule nucleation can control the positioning of microtubule assembly. Under a magnetic field, a self-organized pattern of biofunctionalized nanoparticles is formed and leads to the nucleation of a periodical network of microtubules in Xenopus laevis egg extract. Our method shows how bioactive nanoparticles can generate a biochemically active pattern upon magnetic actuation, which triggers the spatial organization of nonequilibrium biological structures.